We performed simultaneous observations in 3 bands (U BV ) of the flickering variability of the recurrent novae RS Oph and T CrB at quiescence. Using new and published data, we compare the colours of the flickering in cataclysmic variables and symbiotic recurrent novae. We find a difference between the colours of the flickering source in these two types of accreting white dwarfs. The detected difference is highly significant with p − value ≈ 2 × 10 −6 for the distributions of (U − B)0 colour and p ≈ 3 × 10 −5 on (U-B) versus (B-V) diagram. The possible physical reasons are briefly discussed.
Introduction
Cataclysmic variables (CVs) are semi-detached interacting binary systems containing an accreting white dwarf primary and a mass-losing, late-type, near or on the main sequence secondary star that fills its Roche lobe. The accretion process can be either directly onto a strongly magnetic white dwarf or by way of an intervening accretion disc. The orbital periods for such systems are most commonly between ∼ 80 minutes and several hours (e.g. Warner 2003) .
The Recurrent Novae (RNe) are previously recognized classical novae that repeat their outbursts. RNe are ordinary novae systems for which the recurrence time scale happens to be from a decade to a century. RNe are binary stars where matter accretes from a donor star onto the surface of a white dwarf, where the accumulated material will eventually start a thermonuclear explosion that makes the nova eruption (e.g. Anupama 2008; Schaefer 2010) . The two RNe observed here (T CrB and RS Oph) belong to the group of the RNe with red giant companions and with very long periods comparable to one year, P orb = 227.6 d for T CrB (Fekel et al. 2000) and P orb = 453.6 d for RS Oph (Brandi et al. 2009 ). This type of nova is also referred to as a symbiotic recurrent nova, SyRN (e.g. Bode 2010 , Shore et al. 2011 . T CrB and RS Oph are also classified as symbiotic stars, because the mass donor is a red giant.
The flickering (stochastic light variations on timescales of a few minutes with amplitude of a few×0.1 magnitudes) is a variability observed in the three main types of binaries ⋆ Based on observations obtained at National Astronomical Observatory Rozhen and Belogradchik Observatory, Bulgaria ⋆⋆ Corresponding author: e-mail: rkz@astro.bas.bg that contain white dwarfs accreting material from a companion mass-donor star: cataclysmic variables (CVs), supersoft X-ray binaries, and symbiotic stars (Sokoloski 2003) . Flickering is also visible in X-ray binaries and Active Galactic Nuclei at X-ray wavelengths (e.g. Uttley & McHardy 2001) . Interestingly, the cataclysmic variable MV Lyr displays rms-flux relation, which is similar to that from accreting black holes (Scaringi et al. 2012) .
The location of the flickering light source is supposed to be (1) at the outer edge of the accretion disk, where the gas stream from the secondary hits the disk (Warner & Nather 1971) ; (2) at the inner edge of the disc and the boundary layer between the disk and the central white dwarf (Bruch 2000) ; (3) inside the accretion disc itself (Baptista & Bortoletto 2004) .
The first clues that the colours of the flickering depend on the type of the source can be found in Fig.6 of Zamanov et al. (2010a) . Here we report new UBV observations of the flickering variability of RS Oph and T CrB and find statistically significant difference between the colour of the flickering of CVs and SyRNe.
Observational data

New observations
Our new observations are obtained by the 2.0 m RCC, the 60 cm and the 50/70 cm Schmidt telescopes of the Bulgarian National Astronomical Observatory Rozhen, located in the Rhodope mountain range. We also made use of the 60 cm telescope of the Belogradchik Astronomical Observatory, located in the vicinity of the Belogradchik Rocks. All the telescopes are equipped with CCD cameras. The 2.0 m RCC telescope possesses a dual-channel focal reducer (Jockers et al. 2000) and observes simultaneously in two bands -U (blue channel) and V (red channel). The journal of observations is given in Table 1 . The data are taken simultaneously using two or three telescopes. The only exception is the run 20120613, when the 60 cm Rozhen telescope observed in repeating U, B and V bands.
All the CCD images have been bias subtracted and flat fielded, and standard aperture photometry has been performed. The data reduction and aperture photometry are done with IRAF and have been checked with alternative software packages. For RS Oph and T CrB, the comparison stars of Henden & Munari (2006) have been used. An example of our observations is given in Fig.1. Bruch (1992) measured the colours of the flickering light source of 12 CVs (RX And, AE Aqr, V603 Aql, BV Cen, WW Cet, SS Cyg, HR Del, AH Her, EX Hya, WX Hyi, V426 Oph, GK Per) and two RNe (RS Oph and T CrB). His data included 36 measurements of (B − V ) 0 and 20 of (U − B) 0 colour.
Data from literature
Additionally we also made use of our own partly published observations of four CVs: V425 Cas (Tsvetkova et al. 2010) , MV Lyr ), V794 Aql (Latev et al. 2011) , KR Aur (Boeva et al. 2012 ) and of two SyRNe: RS Oph (Zamanov et al. 2010a ) and T CrB (Zamanov et al. 2010b ),
Differences between SyRNe and CVs
Colours of the flickering source
To calculate the colours of the flickering light source we follow Bruch (1992) . In this method is considered that the flickering source is 100% modulated and that all the variability during each night is due to flickering. Following the Bruch's (1992) method we calculate the flux of the flickering light source for each band, using our UBV observations and Bessel (1979) calibration for the fluxes of a zeromagnitude star. After that we transform the fluxes into magnitudes, correct them for the interstellar extinction, and calculate (U − B) 0 and (B − V ) 0 colours of the flickering source. The flickering colours are computed on a timescale of ≈ 1 hour. Because usually the different bands do not start or end at the same time, we cut them (before the calculations) to the same time interval. This is done for the new data and for our published observations as well.
We use the reddening law from Fitzpatrick (1999) . We adopt reddening E(B−V ) = 0.0±0.05 for MV Lyr, E(B− V ) = 0.05 ± 0.05 for KR Aur (Verbunt 1987 ), E(B − V ) = 0.2 for V794 Aql (Godon et al. 2007 ), E(B − V ) = 0.73 ± 0.06 for RS Oph (Snijders 1987) , and E(B − V ) = 0.14 ± 0.05 for T CrB (Parimucha & Vaňko 2006) .
The results are presented in Table 2 , where the first column gives the date of observation in format YYYYM-MDD, the second -minimum and maximum B band magnitude during the observation, the third and the fourth -the (B − V ) 0 and (U − B) 0 colours of the flickering sources, corrected for the interstellar extinction with the corresponding errors. The errors are evaluated from the accuracy of the photometry. They depend on the brightness of the object, and also on the flickering amplitude (e.g. if the amplitude of the flickering is large, we obtain good flickering colours even if the object is with lower brightness). −6 that the two data sets are drawn from the same parent population.
Difference in (U
The Wilcoxon-Mann-Whitney U-Test checks the hypothesis whether two sample populations have the same median of distribution. It gives p = 4.8 × 10 −7 . This value is better than that produced by the Kolmogorov-Smirnov test and confirms the result. The values of p << 10 −3 indicate that there is highly significant difference in (U − B) 0 colour of the flickering between SyRNe and CVs. Both tests point to a statistically significant difference in the (B − V ) 0 colours at a level of 0.01. This value is not as high as that in Sect. 3.2 and indicates that the difference between CVs and SyRN is considerably more pronounced in the (U − B) 0 colour, than in (B − V ) 0 .
Fig. 4
Positions of the flickering light source on a (U − B) vs (B − V ) diagram. The solid line represents the blackbody. RS Oph is marked with (red) plus symbols, T CrBwith (red) crosses. The blue (Bruch 1992 ) and green (our data from Table 2 ) triangles are the CVs. Bruch (1992) and 9 green triangles represent our measurements (Table 2) . RS Oph is represented by 10 red plus symbols -1 data point from Bruch (1992) and 9 are our measurements. T CrB is represented by 6 red crosses, 2 of them are from Bruch (1992) and 4 are our observations. The solid line represents the blackbody radiation.
Two-colour diagram
The two samples, CVs and SyRNe, have N 1 = 26 and N 2 = 16 data points, respectively. Even by eye it is visible that the two distributions occupy different regions on this diagram.
Using the data in Fig.4 , we compare colours of the flickering of the SyRNe with those of the CVs, by a two-dimensional Kolmogorov-Smirnov test (Peacock 1983; Fasano & Franceschini 1987) . The test gives a probability of 3 × 10 −5 that both distributions are extracted from the same parent population. This is a highly significant value, which indicates that in this diagram there are statistically significant differences between the flickering of these two classes of accreting white dwarfs.
Discussion
The results of the statistical tests in Sect.3 confirm with higher level of significance (p ∼ 10 −6 ) our early findings www.an-journal.org (p ∼ 2 · 10 −3 ) based on a smaller amount of data (Zamanov et al. 2010a) . We performed experiments to use different values of E(B − V ) and the interstellar extinction law (e.g. Cardelli, Clayton & Mathis 1989 , and other possibilities included in NASA/IPAC extinction calculators). They change the p − values by less than 50%. We conclude that the two SyRNe have indeed different colours of the flickering in comparison with the CVs.
Parameters of the binary systems
There are a few important differences between the classical CVs and the SyRNe, which could be the reason for the detected differences (Sect. 3) in the colours of the flickering sources:
1. the orbital periods of CVs are less than one day, while for the SyRNe they are longer than 100 d.
2. in CVs mass accretion rates areṀ acc ∼ 1 × 10 −10 − 7 × 10 −9 M ⊙ yr −1 (Echevarría 1994) . The SyRNe accrete at higher rates: T CrB atṀ acc ≈ 2. 4. As a consequence of 3., the white dwarf radius in RNe is expected to be smaller. Using Eggleton's mass-radius relation as quoted by Verbunt & Rappaport (1988) , we estimate that in T CrB and RS Oph, the white dwarf radius should be smaller by a factor of 2. This could play an important role if the flickering is connected with the boundary layer between the accretion disk and the white dwarf (see Bruch & Duschl 1993) .
It is worth noting that (i) the mass donors in SyRNe are red giants rather than main-sequence stars in CVs. Although the temperatures of both are comparable, the contribution of the red giants to the quiet light in the optical bands could be larger. However this will not affect our results, because the method applied here uses only the variable part of the light curve; (ii) the optical flux in most symbiotic stars is affected by light from the red giant, which does not change on short time-scales (see also Sect 6.2 in Sokoloski, Bildsten & Ho 2001) . Yonehara, Mineshige & Welsh (1997) proposed a model in which light fluctuations are produced by occasional flarelike events and subsequent avalanche flow in the accretion disk atmospheres. Ribeiro & Diaz (2006) simulated the flickering as a set of discrete flares on the accretion disk. Each flare is generated at a random position inside a predefined region. In these models the detected difference in the colours of the flickering should be associated with the temperature and distribution of the flare-like events. Dobrotka et al. (2010) proposed that the aperiodic variability is produced by turbulent elements in the disc. In this model the detected distinction in Fig.4 , could be due to a difference in the temperatures of the material in the turbulent elements as a result of the higher mass transfer rate and larger accretion disks in the SyRNe.
Models of the flickering
Scaringi (2014) developed a physical model for the flickering variability in CVs. Many statistical properties of the flickering are explained with the fluctuating accretion disc model. In this model the detected difference could be connected to the manner in which the disk is fluctuating at higher and lower mass accretion rates.
In the CVs, the ultraviolet line diagnostics demonstrates that the accretion disk losses mass in the form of accretion disk winds (e.g. Vitello & Shlosman 1993) , while in T CrB and RS Oph the opposite process (accretion from stellar wind) plays an important role in the accretion. The stellar wind capture contributes about 20% to the total mass transfer rate in T CrB (Selvelli et al. 1992) , and is also important in RS Oph (Wynn 2008) . The presence/non-presence of disk wind could change the properties of flares and fluctuations.
Place of the flickering
In CVs the average (U − B) 0 colour of the flickering corresponds to a blackbody temperature ∼ 20000 K, and the average (B − V ) 0 to ∼ 10000 K. In SyRNe both colours give a temperature ∼ 9000 K.
The radial temperature profile of a steady-state accretion disk is:
where G is the gravitational constant, σ is the StefanBoltzmann constant, R W D is the white dwarf radius, R is the radial distance from the white dwarf. Using the parameters for SyRNe, a temperature ∼9000 K should be achieved at a distance R ∼ 0.5 R ⊙ from the white dwarf, which corresponds to ∼ 120 R W D . For the CVs the colours give a location of the flickering at R ∼ 0.08 − 0.20 R ⊙ from the white dwarf, which corresponds to 8 − 20 R W D . Perhaps in CVs, as a result of lower mass accretion rate and lower white dwarf mass, the flares and/or fluctuations (see Sect.4.2) are ignited closer to the white dwarf in comparison with SyRNe, which results in different colours of the flickering.
Conclusions
We find a statistically highly-significant difference between the colours of the flickering source in cataclysmic variables and symbiotic recurrent novae. This difference is likely to be connected with the mass accretion rate and white dwarf mass and should be useful to test the theoretical models of flickering. 
